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LIQUID CRYSTAL DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 
[0001] The present invention relates to a liquid crys- 

tal display device, and more particularly, to a liquid 
crystal display device having a wide viewing angle charac- 
teristic and providing high quality display. 

[0002] The liquid crystal display device is a flat dis- 

play device having excellent features of being thin, light 
in weight and low in power consumption. However, the liq- 
uid crystal display device has a shortcoming of being 
large in "viewing angle dependence" in which the display 
state changes with the direction in which the display de- 
vice is observed. A main cause for the large viewing an- 
gle dependence of the liquid crystal display device is 
that liquid crystal molecules having uniaxial optical ani- 
sotropy are oriented uniformly in the display plane. 

[0003] To improve the viewing angle characteristic of 

the liquid crystal display device, an orientation division 
method is effective, in which a plurality of regions dif- 
ferent in orientation states are formed in each picture- 
element region. Various techniques have been proposed to 
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implement this method. Among these, a technique disclosed 
in Japanese Laid-Open Patent Publication No, 6-301036 and 
No. 2000-47217 and a technique called MVA disclosed in 
Japanese Laid-open Patent Publication No. 11-242225 are 
considered as typical techniques for implementing the ori- 
entation division on vertical alignment mode liquid crys- 
tal display devices. 

[0004] In the technique disclosed in Japanese Laid-Open 

Patent Publication No. 6-301036 and No. 2000-47217, an in- 
clined electric field is generated by forming slits (open- 
ings) for an electrode, to control the orientation 
direction of liquid crystal molecules with the generated 
inclined electric field. 

[0005] In the MVA technique disclosed in Japanese Laid- 

Open Patent Publication No. 11-242225, a pair of sub- 
strates (for example, a TFT substrate and a color filter 
substrate) opposed to each other via a liquid crystal 
layer have protrusions, depressions or slits (openings of 
an electrode) formed on their surfaces facing the liquid 
crystal layer, to thereby realize the orientation divi- 
sion. 

[0006] As the type of the orientation division of each 
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picture-element region, there are comparatively simple 
types, such as two-division type in which liquid crystal 
molecules in each picture -element region are oriented in 
two directions and four- division type in which they are 
oriented in four directions, and comparatively complicate 
types, such as infinite-division type in which liquid 
crystal molecules are oriented in all directions and the 
type in which liquid crystal molecules are twisted in a 
liquid crystal layer. 

[0007] From the standpoint of achieving equal display 

characteristics in all directions, liquid crystal mole- 
cules are preferably oriented in as many directions as 
possible in each picture-element region. In general, ori- 
entation in four or more directions is considered provid- 
ing sufficient display quality. 

[0008] However, as a result of examinations by the pre- 

sent inventors, it was found that the techniques disclosed 
in Japanese Laid-Open Patent Publication No. 6-301036, No. 
2000-47217 and No. 11-258606 had the following problem. 
Although the azimuthal angle dependence of the display 
characteristics can be improved by these techniques, the 
display characteristics obtained when the display device 
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is observed from the front is greatly different from that 
obtained when it is observed obliquely. Therefore, the 
gray- scale characteristic greatly varies with the angle at 
which the observer views the display plane, and this makes 
the observer feel unnatural. 



SUMMARY OF THE INVENTION 
[0009] The present invention was devised to overcome 

the aforementioned disadvantages, and an object of the 
present invention is providing a liquid crystal display 
device with high display quality that has a wide viewing 
angle characteristic and can provide display free from un- 
naturalness . 

[0010] The liquid crystal display device of the present 

invention includes a first substrate, a second substrate, 
and a vertical alignment type liquid crystal layer includ- 
ing liquid crystal molecules having negative dielectric 
anisotropy disposed between the first substrate and the 
second substrate, the device having a plurality of pic- 
ture-element regions each defined by a first electrode 
placed in the first substrate on the side facing the liq- 
uid crystal layer and a second electrode placed in the 



second substrate to oppose to the first electrode via the 
liquid crystal layer, in each of the plurality of picture- 
element regions, the liquid crystal layer having a plural- 
ity of liquid crystal regions different in the direction 
in which liquid crystal molecules tilt when a voltage is 
applied between the first electrode and the second elec- 
trode, wherein at least one of the first substrate and the 
second substrate has a light -shield layer overlapping (ly- 
ing above or below) at least part of boundary region de- 
fined as regions separating the plurality of liquid 
crystal regions from each other, and the at least part of 
boundary region pverlapping (lying above or below) the 
light -shield layer is a region permitting liquid crystal 
molecules surrounding the region to tilt so that ends of 
the liquid crystal molecules closer to the substrate hav- 
ing the light -shield layer go away from the region when a 
voltage is applied between the first electrode and the 
second electrode. 

[0011] Preferably, the light -shield layer is placed 

with a predetermined spacing from the liquid crystal 
layer . 

[0012] Alternatively, the liquid crystal display device 
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of the present invention includes a first substrate, a 
second substrate, and a vertical alignment type liquid 
crystal layer including liquid crystal molecules having 
negative dielectric anisotropy disposed between the first 
substrate and the second substrate, the device having a 
plurality of picture- element regions each defined by a 
first electrode placed in the first substrate on the side 
facing the liquid crystal layer and a second electrode 
placed in the second substrate to oppose to the first 
electrode via the liquid crystal layer, in each of the 
plurality of picture- element regions, the liquid crystal 
layer having a plurality of liquid crystal regions differ- 
ent in the direction in which liquid crystal molecules 
tilt when a voltage is applied between the first electrode 
and the second electrode, the plurality of liquid crystal 
regions of the liquid crystal layer including a first liq- 
uid crystal region of which the retardation value for 
light incident on the liquid crystal layer obliquely from 
the normal to the liquid crystal layer increases with rise 
of an applied voltage and a second liquid crystal region 
of which the retardation value first decreases and then 
increases, wherein the device includes a light -shield 
layer selectively shading the first liquid crystal region 
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when the device is observed in a direction oblique from 
the normal to the display plane. 

[0013] The liquid crystal display device described 

above may further include a pair of polarizing plates 
placed opposing to each other via the liquid crystal layer 
so that their polarization axes are substantially perpen- 
dicular to each other, wherein in each of the plurality of 
picture-element regions, at least one of the first sub- 
strate and the second substrate may have an additional 
light -shield layer overlapping (lying above or below) at 
least part of regions in which liquid crystal molecules 
tilt in directions substantially parallel to the polariza- 
tion axes of the pair of polarizing plates when a voltage 
is applied between the first electrode and the second 
electrode. 

[0014] Alternatively, the liquid crystal display device 

of the present invention includes a first substrate, a 
second substrate, a vertical alignment type liquid crystal 
layer including liquid crystal molecules having negative 
dielectric anisotropy disposed between the first substrate 
and the second substrate, and a pair of polarizing plates 
placed opposing to each other via the liquid crystal layer 
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so that their polarization axes are substantially perpen- 
dicular to each other, the device having a plurality of 
picture- element regions each defined by a first electrode 
placed in the first substrate on the side facing the liq- 
uid crystal layer and a second electrode placed in the 
second substrate to oppose to the first electrode via the 
liquid crystal layer, in each of the plurality of picture- 
element regions, the liquid crystal layer having a plural- 
ity of liquid crystal regions different in the direction 
in which the liquid crystal molecules tilt when a voltage 
is applied between the first electrode and the second 
electrode, wherein in each of the plurality of picture- 
element regions, at least one of the first substrate and 
the second substrate has a light -shield layer overlapping 
(lying above or below) at least part of regions in which 
liquid crystal molecules tilt in directions substantially 
parallel to the polarization axes of the pair of polariz- 
ing plates when a voltage is applied between the first 
electrode and the second electrode . 

[0015] Preferably, the light -shield layer is placed 

substantially right on the liquid crystal layer. 

[0016] At least one of the first substrate and the sec- 
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ond substrate may have at least one protrusion having a 
slant side formed on the surface facing the liquid crystal 
layer, and the direction in which liquid crystal molecules 
tilt in each of the plurality of liquid crystal regions 
may be defined by orientation-regulating force of the at 
least one protrusion. 

[0017] Otherwise, at least one of the first electrode 

and the second electrode may have at least one opening, 
and the direction in which liquid crystal molecules tilt 
in each of the plurality of liquid crystal regions may be 
defined by an inclined electric field generated at an edge 
portion of the at least one opening when a voltage is ap- 
plied between the first electrode and the second elec- 
trode . 

[0018] Otherwise, at least one of the first substrate 

and the second substrate may have at least one protrusion 
having a slant side formed on the surface facing the liq- 
uid crystal layer, at least one of the first electrode and 
the second electrode may have at least one opening, and 
the direction in which liquid crystal molecules tilt in 
each of the plurality of liquid crystal regions may be de- 
fined by orientation-regulating force of the at least one 
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protrusion and an inclined electric field generated at an 
edge portion of the at least one opening when a voltage is 
applied between the first electrode and the second elec- 
trode . 

[0019] In a preferred embodiment , the first substrate 

further includes switching elements respectively placed to 
correspond to the plurality of picture-element regions, 
and the first electrode includes a plurality of picture- 
element electrodes respectively placed for the plurality 
of picture-element regions and switched with the switching 
elements, and the second electrode includes at least one 
counter electrode opposed to the plurality of picture- 
element electrodes . 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] FIGS. 1A and IB diagrammatically show a liquid 

crystal display device 100 of Embodiment 1 of the present 
invention, where FIG. 1A is a top view and FIG. IB is a 
cross-sectional view taken along line IB-IB 1 in FIG. 1A. 

[0021] FIG. 2A and 2B diagrammatically show a conven- 

tional liquid crystal display device 1000 having no light - 
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shield layer , where FIG. 2A is a top view and FIG. 2B is a 
cross-sectional view taken along line 2B-2B 1 in FIG. 2A. 

[0022] FIG. 3 is a graph showing the voltage- 

transmittance characteristics obtained when the liquid 
crystal display device 1000 is observed in a normal direc- 
tion Dl and in an oblique direction D2. 

[0023] FIG. 4 is a graph showing the voltage- 

transmit tance characteristics obtained when a liquid crys- 
tal region 31 in which liquid crystal molecules 30a tilt 
to fall toward the observer is observed in an oblique di- 
rection and when a liquid crystal region 31 in which liq- 
uid crystal molecules 30a tilt to fall toward the opposite 
to the observer is observed in an oblique direction. 

[0024] FIG. 5 is a graph showing the voltage- 

transmittance characteristics obtained when the liquid 
crystal display device 100 of Embodiment 1 is observed in 
the normal direction Dl and in the oblique direction D2. 

[0025] FIG. 6 is a diagrammatic cross -sectional view of 

the liquid crystal display device 100 of Embodiment 1. 

[0026] FIGS. 7A and 7B diagrammatically show another 

liquid crystal display device 100A of Embodiment 1 of the 
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present invention, where FIG. 7A is a top view and FIG. 7B 
is a cross-sectional view taken along line 7B-7B' in FIG. 
7A. 

[0027] FIGS. 8A and 8B diagrammatically show yet an- 

other liquid crystal display device 100B of Embodiment 1 
of the present invention, where FIG. 8A is a top view and 
FIG. 8B is a cross -sectional view taken along line 8B-8B' 
in FIG. 8A. 

[0028] FIGS. 9A and 9B diagrammatically show a liquid 

crystal display device 200 of Embodiment 2 of the present 
invention, where FIG. 9A is a top view and FIG. 9B is a 
cross-sectional view taken along line 9B-9B' in FIG. 9A. 

[0029] FIGS. 10A and 10B diagrammatically show another 

liquid crystal display device 200A of Embodiment 2 of the 
present invention, where FIG. 10A is a top view and FIG. 
10B is a cross-sectional view taken along line 10B-10B' in 
FIG. 10A. 

[0030] FIGS. 11A and 11B diagrammatically show yet an- 

other liquid crystal display device 200B of Embodiment 2 
of the present invention, where FIG. 11A is a top view and 
FIG. 11B is a cross -sectional view taken along line 11B- 
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11B' in FIG. 11A. 

[0031] FIGS. 12A and 12B diagrammatically show a liquid 

crystal display device 300 of Embodiment 3 of the present 
invention, where FIG. 12A is a top view and FIG. 12B is a 
cross-sectional view taken along line 12B-12B' in FIG. 
12A. 

[0032] FIG. 13 is a diagrammatic top view of the liquid 

crystal display device 300 of Embodiment 3. 

[0033] FIG. 14 is a graph showing the voltage- 

transmit tance characteristic of a region in which liquid 
crystal molecules 30a tilt along a polarization axis PA1 
obtained when the liquid crystal display device 1000 is 
observed in an oblique direction along a polarization axis 
PA2. 

[0034] FIG. 15 is a graph showing the voltage- 

transmittance characteristics obtained when the liquid 
crystal display device 300 of Embodiment 3 is observed in 
the normal direction and in an oblique direction. 

[0035] FIG. 16 is a graph showing the voltage- 

transmittance characteristics obtained when the liquid 
crystal display device 100 is observed in the normal di- 
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rection and in an oblique direction, and the voltage- 
transmit tance characteristic obtained when a liquid crys- 
tal display device having an additional light -shield layer 
is observed in an oblique direction, 

[0036] FIG. 17 is a diagrammatic top view of a liquid 

crystal display device 400 of Embodiment 4 of the present 
invention, 

[0037] FIG. 18 is a diagrammatic top view of another 

liquid crystal display device 400A of Embodiment 4 of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0038] Hereinafter, preferred embodiments of the pre- 

sent invention will be described with reference to the ac- 
companying drawings . Since excellent display 
characteristics can be obtained according to the present 
invention, the present invention is suitably applied to 
active matrix liquid crystal display devices. Herein, as 
embodiments of the present invention, active matrix liquid 
crystal display devices having thin film transistors 
(TFTs) as the switching elements for switching picture- 
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element electrodes will be described. The present inven- 
tion can also be applied to MIM type active matrix liquid 
crystal display devices and simple active matrix liquid 
crystal display devices. 

[0039] As used herein, a region of a liquid crystal 

display device corresponding to one "picture element" as 
the minimum unit of display is called a "picture -element 
region". In a color liquid crystal display device, R, G 
and B "picture elements" constitute one "pixel". In an 
active matrix liquid crystal display device, a picture- 
element electrode and a portion of a counter electrode op- 
posed to the picture-element electrode define a picture- 
element region. In a simple matrix liquid crystal display 
device, each of the crossings of stripe- shaped column 
electrodes and stripe-shaped row electrodes running per- 
pendicular to each other defines a picture -element region. 
If a black matrix is placed, the picture -element region is 
strictly defined as a portion of a region across which a 
voltage is applied according to the state to be displayed 
that corresponds to each opening of the black matrix. 

( Embodiment 1 ) 
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[0040] The structure of a liquid crystal display device 

100 of Embodiment 1 of the present invention will be de- 
scribed with reference to FIGS. 1A and IB. Note that in 
the following description, color filters and a black ma- 
trix are ignored for simplification. Throughout the draw- 
ings, components having the same functions are denoted by 
the same reference numerals and are not described repeat- 
edly. PIG. 1A is a top view of the liquid crystal display 
device 100 as viewed in the direction normal to the sub- 
strate plane, and FIG. IB is a cross-sectional view taken 
along line IB- IB' in FIG. 1A. FIGS. 1A and IB show the 
state under application of a voltage across the liquid 
crystal layer. 

[0041] The liquid crystal display device 100 includes 

an active matrix substrate (hereinafter, called a "TFT 
substrate") 100a, a counter substrate (also called a 
"color filter substrate") 100b, and a vertical alignment 
type liquid crystal layer 30 disposed between the TFT sub- 
strate 100a and the counter substrate 100b. 

[0042] Liquid crystal molecules 30a in the liquid crys- 

tal layer 30, which have negative dielectric anisotropy, 
are aligned vertically to the surfaces of vertical align- 
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ment films (not shown) formed on the surfaces of the TFT 
substrate 100a and the counter substrate 100b facing the 
liquid crystal layer 30 when no voltage is applied across 
the liquid crystal layer 30. That is, the liquid crystal 
layer 30 is in a vertically aligned state during non- 
voltage application* Note however that the liquid crystal 
molecules 30a in the liquid crystal layer 30 in the verti- 
cally aligned state may somewhat be tilted from the normal 
to the surfaces of the vertical alignment films (surfaces 
of the substrates) depending on the kind of the vertical 
alignment films and the kind of the liquid crystal mate- 
rial. In general, when the axes (also called the "axial 
directions") of liquid crystal molecules are at about 85° 
or more with respect to the surfaces of the vertical 
alignment films, this state is called the vertically 
aligned state. 

[0043] The TFT substrate 100a of the liquid crystal 

display device 100 includes a transparent plate (glass 
plate, for example) 11 and picture -element electrodes 14 
formed on the surface of the transparent plate 11. The 
counter substrate 100b includes a transparent plate (glass 
plate, for example) 21 and a counter electrode 24 formed 
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on the surface of the transparent plate 21. The orienta- 
tion state of the liquid crystal layer 30 in each picture- 
element region changes with the voltage applied between 
the corresponding picture -element electrode 14 and the 
counter electrode 24 opposed to each other via the liquid 
crystal layer 30. As the orientation state of the liquid 
crystal layer 30 changes, the polarized state and amount 
of light passing through the liquid crystal layer 30 
change, and using this phenomenon, display is achieved, 
in this embodiment, a pair of polarizing plates (not 
shown) are opposed to each other via the TFT substrate 
100a and the counter substrate 100b so that their polari- 
zation axes (transmission axes) PA1 and PA2 are orthogonal 
to each other. 

[0044] in the liquid crystal display device 100, each 

picture-element region is divided in terms of the orienta- 
tion to improve the viewing angle characteristic, in which 
the liquid crystal layer 30 includes a plurality of liquid 
crystal regions 31 different in the direction in which the 
liquid crystal molecules 30a tilt (the orientation of the 
major axes of the tilting liquid crystal molecules 30a or- 
thogonally projected on the substrate surface: azimuthal 
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direction). Arrows 36 in FIG. 1A indicate the directions 
in which the liquid crystal molecules 30a in the liquid 
crystal regions 31 tilt, and in this case, indicate the 
directions in which the ends of the liquid crystal mole- 
cules 30a closer to the counter substrate 100b fall upon 
application of a voltage. 

[0045] The direction in which the liquid crystal mole- 

cules 30a tilt is defined by an orientation-regulating 
structure placed on the side of the TFT substrate 100a and 
an orientation-regulating structure placed on the side of 
the counter substrate 100b. Hereinafter, this will be de- 
scribed in detail. 

[0046] The picture-element electrode 14 of the TFT sub- 

strate 100a has a plurality of openings 14a. In this em- 
bodiment, the openings 14a, having a shape of a slit (a 
shape having a width (side orthogonal to the length) ex- 
tremely small with respect to the length), extend in par- 
allel with each other. Each opening 14a has a side 
extending at an angle of 45' with respect to the longitu- 
dinal and lateral sides of the picture -element electrode 
14. The direction in which the side of the opening 14a 
extends changes by 90- every predetermined pitch, forming 
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a zigzag (or dogleg) shape. In this embodiment, the open- 
ings 14a of the picture -element electrode 14 are formed to 
have a width of 10 pm and a pitch of 60 pro. 

[0047] When a voltage is applied between the picture - 

element electrode 14 and the counter electrode 24, an in* 
clined electric field represented by an inclined equipo- 
tential line is formed in a region of the liquid crystal 
layer 30 located above an edge portion of each opening 14a 
of the picture -element electrode 14 (a portion around the 
inside of each opening 14a including the boundary (fringe) 
of the opening 14a). Therefore, when a voltage is applied, 
the liquid crystal molecules 30a having negative dielec- 
tric anisotropy, which are in the vertically aligned state 
during non-voltage application, tilt along the inclination 
of the inclined electric field generated in the edge por- 
tion of the opening 14a. 

[0048] The counter substrate 100b has protrusions 26 on 

the surface thereof facing the liquid crystal layer 30. 
Each protrusion 26 has slant sides 26s and extends in a 
zigzag (or dogleg) shape as viewed in the direction normal 
to the substrate surface, as in the case of the openings 
14a. The direction in which the slant sides 26s extend 
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corresponds with the direction in which the sides of the 
openings 14a extend, and the protrusion 26 is placed 
roughly in the middle between the two adjacent openings 14. 
In this embodiment, the protrusions 16 are formed to have 
a width of 10 |im and a pitch of 60 p. 

[0049] The surface of the protrusion 26 has a vertical 

alignment property (typically, a vertical alignment film 
(not shown) is formed to cover the protrusion 26). There- 
fore, liquid crystal molecules 30a on the slant sides 26s 
are aligned substantially vertically to the slant sides 
26s due to the anchoring effect of the slant sides 26s. 

[0050] When a voltage is applied across the liquid 

crystal layer 30 in the state described above, other liq- 
uid crystal molecules 30a in the vicinity of the protru- 
sion 26 tilt to conform to the inclined orientation on the 
slant sides 26s of the protrusion 26 caused due to the an- 
choring effect of the slant sides 26s. 

[0051] As described above, the direction of the tilt of 

the liquid crystal molecules 30a located above the edge 
portion of the opening 14a of the picture -element elec- 
trode 14 upon application of a voltage is defined by the 
orientation-regulating structure of the TFT substrate 100a, 
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that is, the picture -element electrode 14 having the open- 
ing 14a. Also, the direction of the tilt of the liquid 
crystal molecules 30a located in the vicinity of the pro- 
trusion 26 upon application of a voltage is defined by the 
orientation-regulating structure of the counter substrate 
100b r that is, the protrusion 26 having the slant sides 
26s. Therefore, upon application of a voltage, the re- 
maining liquid crystal molecules 30a tilt to conform to 
the tilt of these liquid crystal molecules 30a located in 
the portions described above. As a result, the direction 
of the tilt of the liquid crystal molecules 30a in each 
liquid crystal region 31 is defined by the inclined elec- 
tric field generated in the edge portion of the opening 
14a of the picture- element electrode 14 and the orienta- 
tion-regulating force of the protrusion 26 on the counter 
substrate 100b. 

[0052] As shown in FIG. 1A, the picture-element region 

of the liquid crystal display device 100 includes a plu- 
rality of liquid crystal regions 31 different in the di- 
rection of the tilt of the liquid crystal molecules 30a. 
In the illustrated example, the picture- element region is 
divided to provide four directions apart by angles of in- 
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tegral multiples of 90° from one another, and these four 
directions are at an angle of about 45° with respect to 
the polarization axes PA1 and PA2 of polarizing plates. 

[0053] In the liquid crystal display device 100 accord- 

ing to the present invention, the TFT substrate 100a 
further includes light-shield layers 40. As shown in FIG. 
IB, each light -shield layer 40 is formed to overlap (lie 
below) at least part of boundary region 33 defined as 
region separating the plurality of liquid crystal regions 
31 from one another. 

[0054] More specifically, in this embodiment, the 

light -shield layer 40 has the same width of 10 urn as the 
protrusion 26, so as to be the same in shape as viewed in 
the direction normal to the substrate as the protrusion 26 
and extend below the protrusion 26. Note that in FIG. IB. 
the width of the light -shield layer 40 is exaggerated for 
the purpose of easy understanding of description to follow. 
In the illustrated example, a transparent insulating layer 
12 is formed covering the light -shield layer 40 formed on 
the transparent plate 11, so that a predetermined spacing 
is provided between the light-shield layer 40 and the liq- 
uid crystal layer 30. 
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[0055] As shown in FIG, IB, the boundary region 33 

overlapping (lying above) the light -shield layer 40 corre- 
sponds to a region permitting liquid crystal molecules 30a 
surrounding the region to tilt so that ends 30al of the 
liquid crystal molecules 30a closer to the TFT substrate 
100a, that is, the substrate having the light- shield layer 
40 go away from this region when a voltage is applied be- 
tween the picture -element electrode 14 and the counter 
electrode 24. 

[0056] The liquid crystal display device 100, having 

the light -shield layers 40 placed as described above, is 
small in the difference of the display characteristics be- 
tween observation from the front and observation in an 
oblique direction, and thus can provide display free from 
unnaturalness . This will be described in detail as fol- 
lows . 

[0057] First, referring to FIGS. 2A and 2B, why a 

conventional liquid crystal display device 1000 having no 
light -shield layer makes the viewer feel unnatural will be 
described. 

[0058] The conventional liquid crystal display device 

1000 of FIGS. 2A and 2B has substantially the same struc- 
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ture as the liquid crystal display device 100 except that 
the former has no light -shield layer overlapping at least 
part of the boundary region 33. 

[0059] in the liquid crystal display device 1000, the 

azimuthal angle dependence of the display characteristics 
is improved because each picture-element region is divided 
into a plurality of liquid crystal regions 31. However, a 
great difference arises in display characteristics between 
observation from the front and observation in an oblique 
direction. 

[0060] FIG. 3 is a graph showing the normalized volt- 

age- transmit tance characteristic obtained when the liquid 
crystal display device 1000 is observed in the normal di- 
rection (direction indicated by arrow Dl in FIG. 2B) and 
the normalized voltage -transmit tance characteristic ob- 
tained when it is observed in an oblique direction (direc- 
tion indicated by arrow D2 in FIG. 2B) at a visual angle 
tilted along the polarization axis PAl. In FIG. 3, the 
axis of abscissas represents the applied voltage (V) 
across the liquid crystal layer 30 and the axis of ordi- 
nates represents the normalized transmittance . 



[0061] 



As shown in FIG. 3, a voltage- transmittance 
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curve L2 obtained during observation in an oblique direc- 
tion is sharper than a voltage-transmittance curve LI ob- 
tained during observation in the normal direction. In the 
state of application of a gray-scale voltage, the trans - 
mittance obtained during observation in an oblique direc- 
tion (normalized transmit tance) is higher than the 
transmittance obtained during observation in the normal 
direction. 

[0062] The increase of the transmittance in an oblique 

direction during application of a gray- scale voltage is 
caused by the behavior of liquid crystal molecules 30a in 
a specific liquid crystal region 31 among the plurality of 
liquid crystal regions 31 of each picture-element region. 
Specifically, it is caused by the behavior of the liquid 
crystal molecules 30a tilting in the direction opposite to 
the observer who observes obliquely (that is, tilting so 
that the ends of the liquid crystal molecules 30a closer 
to the counter substrate 100b go away from the observer) . 

[0063] The above discussion will be made in more detail 

focusing on the two liquid crystal regions 31 shown in FIG. 
2B. The liquid crystal molecules 30a in both liquid crys- 
tal regions 31 tilt at an angle of 45° with respect to the 
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polarization axes PA1 and PA2 as shown in FIG. 2A. How- 
ever, when the two liquid crystal regions 31 are observed 
in an oblique direction (direction indicated by arrow D2 
in FIG. 2B) at a visual angle tilted along the polariza- 
tion axis PA1, for example, the liquid crystal molecules 
30a in the liquid crystal region 31 on the left as viewed 
from FIG. 2B tilt to fall toward the observer, while those 
in the liquid crystal region 31 on the right tilt to fall 
toward the opposite to the observer. 

[0064] FIG. 4 is a graph showing the voltage- 

transmittance characteristic obtained when the two liquid 
crystal regions 31 shown in FIG. 2B are observed in an 
oblique direction, in which a voltage -transmittance curve 
L3 is for the liquid crystal region 31 in which the liquid 
crystal molecules 30a tilt to fall toward the observer 
(liquid crystal region on the left in FIG. 2B) , and a 
voltage-transmittance curve L4 is for the liquid crystal 
region 31 in which the liquid crystal molecules 30a tilt 
to fall toward the opposite to the observer (liquid crys- 
tal region on the right in FIG. 2B) . 

[0065] As shown in FIG. 4, in the liquid crystal region 

31 in which the liquid crystal molecules 30a fall toward 
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the observer, the transmittance first drops and then rises 
with rise of the voltage. In the liquid crystal region 31 
in which the liquid crystal molecules 30a fall toward the 
opposite to the observer, the transmittance rises roughly 
monotonously with rise of the voltage. The reason is that, 
while the retardation value of the liquid crystal layer 30 
for light incident obliquely to the liquid crystal layer 

30 (in a direction oblique from the normal to the liquid 
crystal layer 30) first decreases and then increases with 
rise of the voltage in the liquid crystal region 31 in 
which the liquid crystal molecules 30a fall toward the ob- 
server, it increases monotonously with rise of the voltage 
in the liquid crystal region 31 in which the liquid crys- 
tal molecules 30a fall toward the opposite to the observer. 

[0066] The voltage- transmittance characteristic ob- 

tained during observation in an oblique direction shown in 
FIG. 3 represents the sum of the voltage -transmittance 
characteristics of the respective liquid crystal regions 

31 as those shown in FIG. 4. It is therefore considered 
that the increase of the transmittance in an oblique di- 
rection during application of a gray- scale voltage is 
caused by the liquid crystal molecules 30a falling toward 
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the opposite to the observer. 

[0067] In the liquid crystal display device 100 accord- 

ing to the present invention, the light -shield layer 40 is 
formed to overlap (lie below) at least part of the bound- 
ary region 33 defined as region separating the plurality 
of liquid crystal regions 31 from one another. The at 
least part of the boundary region 33 that is overlapping 
(lying above) the light -shield layer 40 is a region per- 
mitting the liquid crystal molecules 30a surrounding the 
region to tilt so that the ends of the liquid crystal 
molecules 30a closer to the TFT substrate 100a, that is, 
the substrate having the light -shield layer 40 go away 
from this region when a voltage is applied. 

[0068] The thus -provided light -shield layer 40 selec- 

tively shades the liquid crystal region 31 in which the 
liquid crystal molecules 30a tilt toward the opposite to 
the observer, that is, the liquid crystal region 31 of 
which the retardation value for light incident obliquely 
increases roughly monotonously with rise of the voltage, 
among the two light crystal regions 31 adjacent to each 
other via the boundary region 33. 

[0069] In FIG. IB, Wl denotes the width of a region 
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shaded by the light -shield layer 40 during observation in 
the normal direction Dl. and W2 denotes the width of a re- 
gion shaded by the light -shield layer 40 during observa- 
tion in the oblique direction D2. As shown in FIG. IB, 
during observation in the normal direction, the light - 
shield layer 40 shades the region of the liquid crystal 
layer 30 right above the light -shield layer 40, and thus 
will not change the proportion of contribution to the 
front-view display between the two liquid crystal regions 
31. However, during observation in an oblique direction, 
in which parallax occurs, the light- shield layer 40 selec- 
tively shades the liquid crystal region 31 in which the 
liquid crystal molecules 30a fall toward the opposite to 
the observer. FIG. IB also shows the width W3 of a region 
shaded by the light -shield layer 40 during observation in 
an oblique direction D3 opposite to the oblique direction 
D2. As is found from FIG. IB, during observation in the 
oblique direction D3 , also, the light-shield layer 40 se- 
lectively shades the liquid crystal region 31 in which the 
liquid crystal molecules 30a fall toward the opposite to 
the observer. 

[0070] Therefore, the liquid crystal region 31 in which 
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the liquid crystal molecules 30a fall toward the opposite 
to the observer partly fails to contribute to the display 
observed in an oblique direction. This suppresses the in- 
crease of the transmittance in the oblique direction dur- 
ing application of a gray-scale voltage, and thus brings 
the volt age -transmittance characteristic during observa- 
tion in the oblique direction close to the voltage- 
transmittance characteristic during observation in the 
normal direction. As a result, the oblique -direct ion dis- 
play characteristics and the normal -direction display 
characteristics can be made close to each other, and hence 
display free from unnaturalness can be realized. 

[0071] FIG. 5 shows a voltage-transmittance curve L3 

obtained when the liquid crystal display device 100 of 
this embodiment is observed in the normal direction Dl and 
voltage-transmittance curves L4 and L5 obtained when it is 
observed in the oblique direction D2 . The voltage- 
transmittance curves L4 and L5 show the cases when the 
depth of the light-shield layer 40, which is defined as 
the spacing between the bottom surface of the light- shield 
layer 40 (surface farther from the liquid crystal layer 
30) and the liquid crystal layer 30, is 3 p and 5 pin, re- 
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spectively. The thickness of the liquid crystal layer 30 
is 4 um. FIG. 5 also shows the voltage- transmit tance 
curve L2 obtained when the conventional liquid crystal 
display device 1000 is observed in the oblique direction 
D2 for comparison. 

[0072] As shown in FIG. 5, the voltage-transmittance 

curves 1.4 and L5 of the liquid crystal display device 100 
obtained during observation in an oblique direction are 
closer in shape to the voltage-transmittance curve L3 ob- 
tained during observation in the normal direction than the 
voltage-transmittance curve L2 of the display device hav- 
ing no light-shield layer is. Therefore, natural display 
in which the normal-direction display characteristics and 
the oblique-direction display characteristics are close to 
each other is obtained. 

[0073] The depth, width, shape and the like of the 

light -shield layer. 40 are not limited to those described 
in this embodiment, but may be appropriately set depending 
on the specifications of the liquid crystal display device 
and desired transmit tance, display characteristics and the 
like. 

[0074] The depth of the light -shield layer 40 may be 
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set depending on the thickness of the liquid crystal layer 
30, the size of the liquid crystal regions 31 and the like 
so that the liquid crystal region 31 can be effectively 
shaded* To effectively shade a specific liquid crystal 
region 31 by use of occurrence of parallax, the light- 
shield layer 40 should preferably be placed with a prede- 
termined spacing from the liquid crystal layer 30, and the 
spacing between the light -shield layer 40 and the liquid 
crystal layer 30, that is, the depth of the light -shield 
layer 40 should preferably be large to some extent. The 
parallax is larger when the light -shield layer 40 is 
placed with a predetermined spacing from the liquid crys- 
tal layer 30 than when it is placed immediately under the 
liquid crystal layer 30. In the former case, the liquid 
crystal region 31 can be sufficiently shaded even if the 
visual angle (the tilt angle from the normal to the dis- 
play plane) is comparatively small. As is found from FIG. 
5, in this embodiment, the oblique -direction voltage- 
transmittance characteristic can be brought closer to the 
normal -direction voltage- transmittance characteristic when 
the depth of the light -shield layer 40 is 5 pm than when 
it is 3 p. 
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[0075] A preferred depth of the light -shield layer 40 

will be described with reference to FIG. 6. In this em- 
bodiment, the liquid crystal region 31 can be effectively 
shaded by setting the depth D of the light -shield layer 40 
to satisfy the relationship, D + T 3 /2 = f 3 x p/2 where D 
is the depth of the light-shield layer (= thickness Ti of 
the light -shield layer 40 + thickness T 2 of the transpar- 
ent insulating layer 12 existing on the light -shield layer 
40, in this case), T 3 is the thickness of the liquid crys- 
tal layer 30, and P is the pitch of arrangement of the 
protrusions 26 and the openings 14a. By setting the depth 
D of the light -shield layer 40 in this way, the center of 
the light -shield layer 40 will shade roughly the middle of 
the region between the protrusion 26 and the opening 14a 
adjacent to each other, that is, the center portion of the 
liquid crystal region 31, when the liquid crystal display 
device is observed at a visual angle of 60° (assuming that 
the average refractive index of the components of the liq- 
uid crystal display device is 1.6 and the observation is 
made in the air having the refractive index of 1.0). 

[0076] In this embodiment, the width W of the light - 

shield layer 40 was made substantially equal to the width 
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of the protrusion 26. The width of the light-shield layer 
40 is not limited to this, but is preferably wider from 
the standpoint of further improving the display character- 
istics by shading a larger portion of the liquid crystal 
region 31 in which the liquid crystal molecules 30a fall 
toward the opposite to the observer. In this case, the 
light-shield layer 40 may overlap part of the liquid crys- 
tal region 31. not only the boundary region 33. A wider 
light-shield layer 40 may however decrease the transmit- 
tance during observation from the front. Therefore, from 
the standpoint of suppressing decrease of the transmit - 
tance in the normal direction, the narrow light-shield 
layer 40 is preferred. A side face of the light-shield 
layer 40 also functions to shade the liquid crystal region 
31 due to occurrence of parallax. Therefore, the light- 
shield layer 40 may be made thick to increase the region 
of the side face and thereby enable shading of a larger 
portion of the liquid crystal region 31. Thus, even when 
the width of the light-shield layer 40 is set comparative 
small, the liquid crystal region 31 can be sufficiently 
shaded while preventing decrease of the transmittance in 
the normal direction by increasing the thickness of the 
light-shield layer 40. 
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[0077] The shape of the light -shield layer 40 is not 

limited to that described above. In the case that the 
light-shield layer 40 is opposed to the protrusion 26 as 
in this embodiment (or opposed to the opening 14a of the 
picture -element electrode as will be described later) , 
loss in transmittance in the normal direction can be mini- 
mized by providing the light -shield layer 40 of the same 
shape as the protrusion 26 (or opening 14a). The reason 
is that the liquid crystal molecules 30a in the boundary 
region 31 facing the protrusion 26 (or opening 14a) are 
aligned roughly vertically even during application of a 
voltage, to maintain the conformity of the alignment with 
the surrounding liquid crystal molecules 30a. Therefore, 
the region of the liquid crystal layer 30 facing the pro- 
trusion 26 (or opening 14a) is inherently low in the pro- 
portion of contribution to the transmittance. 

[0078] The light -shield layer 40 was placed only on the 

side of the TFT substrate 100a in the above description. 
Alternatively, a light -shield layer 40 may be placed addi- 
tionally or only on the side of the counter substrate 100b. 

[0079] FIGS. 7A and 7B show another liquid crystal dis- 

play device 100A of this embodiment, which includes light - 
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shield layers 40 9 placed on the side of the counter sub- 
strate 100b in addition to the light -shield layers 40 
placed on the side of the TFT substrate 100a. 

[0080] Each light-shield layer 40' of the counter sub- 

strate 100b is formed to overlap (lie above) at least part 
of the boundary region 33. As shown in FIG. 7B, the at 
least part of the boundary region 33 that overlaps (lies 
below) the light-shield layer 40' is a region permitting 
liquid crystal molecules 30a surrounding the region to 
tilt so that ends 30a2 of the liquid crystal molecules 30a 
closer to the counter substrate 100b, that is, the sub- 
strate having the light-shield layer 40' go away from this 
region when a voltage is applied. A transparent insulat- 
ing film 22 is formed covering the light-shield layers 40 1 
formed on the transparent plate 21, and thus the light- 
shield layers 40' are placed with a predetermined spacing 
from the liquid crystal layer 30. 

[0081] Each light-shield layer 40' of the counter sub- 

strate 100b selectively shades the liquid crystal region 
31 in which the liquid crystal molecules 30a fall toward 
the opposite to the observer, that is, the liquid crystal 
region 31 of which the retardation value for light inci- 
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dent obliquely increases monotonously with rise of the 
voltage, among the liquid crystal regions 31 adjacent to 
each other via the boundary region 33 . 

[0082] In FIG. 7B, W4 denotes the width of a region 

shaded by the light-shield layer 40" during observation in 
the normal direction D4, and W5 denotes the width of a re- 
gion shaded by the light-shield layer 40' during observa- 
tion in an oblique direction D5. As shown in FIG. 7B, 
during observation in the normal direction, the light - 
shield layer 40" shades the region of the liquid crystal 
layer 30 right under the light-shield layer 40*. However, 
during observation in an oblique direction, the light - 
shield layer 40' selectively shades the liquid crystal re- 
gion 31 in which the liquid crystal molecules 30a tilt to- 
ward the opposite to the observer due to occurrence of 
parallax. 

[0083] Thus, in the liquid crystal display device 100A, 

not only the light -shield layers 40 on the side of the TFT 
substrate 100a but also the light-shield layers 40' on the 
side of the counter substrate 100b selectively shade the 
liquid crystal regions 31 in which the liquid crystal 
molecules 30a tilt toward the opposite to the observer. 
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Accordingly, the oblique-direction display characteristics 
can be made close to the normal-direction display charac- 
teristics, and thus display free from unnaturalness can be 
realized. 

[0084] In the liquid crystal display device 100A shown 

in FIGS. 7A and 7B, the width of the light -shield layers 
40 and 40 1 is preferably equal to or larger than the width 
of the protrusions 26 and the openings 14a, and is pref- 
erably smaller than the pitch of arrangement of the pro- 
trusions 26 and the openings 14a (P in FIG. 6). If the 
width of the light -shield layers 40 and 40 * is equal to or 
larger than the pitch of arrangement of the protrusions 26 
and the openings 14a, the transmittance in the normal 
direction will be almost zero. 

[0085] As described above, in the liquid crystal dis- 

play devices 100 and 100A, the light -shield layers 40 
(40') are placed on the side of the TFT substrate 100a 
and/or on the side of the counter substrate 100b, to en- 
able selective shading of the liquid crystal regions 31 in 
which the liquid crystal molecules 30a tilt toward the op- 
posite to the observer. 

[0086] On the side of which substrate the light-shield 
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layer should be placed for a certain boundary region 33 
may be determined in the following manner. The liquid 
crystal molecules 30a surrounding a boundary region 33 
tilt so that the ends of the liquid crystal molecules 30a 
closer to either one of the substrates go away from the 
boundary region 33. On the side of this substrate, the 
light -shield layer for the boundary region 33 is placed. 
In other words, the light -shield layer should be placed so 
that the liquid crystal molecules 30a surrounding the re- 
gion overlapping (lying above or below) the light -shield 
layer tilt so that the ends thereof closer to the sub- 
strate having the light-shield layer go away from the re- 
gion upon application of a voltage. 

[0087] Specifically, when the surrounding liquid crys- 

tal molecules 30a tilt so that the ends thereof closer to 
the TFT substrate 100a go away from the boundary region 
(for example, when the light -shield layer is placed to 
correspond to the boundary region 33 facing the protrusion 
26 shown in FIGS. IB and 7B), the light-shield layer may 
be placed on the side of the TFT substrate 100a. Likewise, 
when the surrounding liquid crystal molecules 30a tilt so 
that the ends thereof closer to the counter substrate 100b 



40 



go away from the boundary region (for example, when the 
light -shield layer is placed to correspond to the boundary 
region 33 facing the opening 14a shown in FIGS. IB and 7B) , 
the light -shield layer may be placed in the counter sub- 
strate 100b. 

[0088] In the liquid crystal display device according 

to the present invention, the light-shield layer is selec- 
tively placed on the side of either one of the substrates 
determined by paying attention to the behavior of the liq- 
uid crystal molecules 30a surrounding each boundary region 
33 during application of a voltage. Therefore, the liquid 
crystal regions 31 in which the liquid crystal molecules 
30a tilt toward the opposite to the observer are selec- 
tively shaded in whichever oblique direction the observer 
views the liquid crystal display device, and thus natural 
display free from unnaturalness can be realized. Since 
the boundary regions shaded by the light -shield layers 
during observation in the normal direction are typically 
regions that hardly contribute to the display inherently 
(even without the light-shield layers), it is unlikely to 
decrease the transmittance due to the placement of the 
light -shield layers. 
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[0089] The light -shield layers are made of a light - 

shield material such as metal including aluminum and resin, 
and may be formed at an arbitrary stage in the process of 
fabrication of the TFT substrate 100a and the counter sub- 
strate 100b so that a predetermined spacing is provided 
between the light-shield layers and the liquid crystal 
layer 30. If the light-shield layers are formed of a film 
commonly used for scanning lines and signal lines formed 
on the transparent plate 11 of the TFT substrate 100a, no 
new step is required for formation of the light -shield 
layers. The light-shield layers may shade substantially 
the entire incident light incident thereon, or may be a 
translucent film allowing passing of part of incident 
light . 

[0090] In this embodiment, the TFT substrate 100a in- 

cludes the picture -element electrodes 14 having the open- 
ings (slits) 14a as the orientation-regulating structure, 
and the counter substrate 100b includes the protrusions 26 
having the slant sides 26s as the orientation-regulating 
structure. The present invention is not limited to this, 
but may be suitably applied to other liquid crystal dis- 
play devices having a structure permitting orientation di- 
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vision of the picture-element regions. For example, a 
liquid crystal display device 100B shown in FIGS, 8A and 
8B may be adopted, in which the TFT substrate 100a has 
protrusions 16 having slant sides 16s and the counter sub- 
strate 100b has a counter electrode 24 having openings 24a. 
Only one substrate may have an orientation-regulating 
structure (for example, electrodes having openings and 
protrusions). However, from the standpoint of stability 
of alignment, both substrates preferably have respective 
orientation-regulating structures . 

( Embodiment 2 ) 

[0091] FIGS. 9A and 9B show a liquid crystal display 

device 200 of Embodiment 2 according to the present inven- 
tion, where FIG. 9A is a top view of the liquid crystal 
display device 200 as viewed in the direction normal to 
the substrate, and FIG. 9B is a cross- sectional view taken 
along line 9B-9B' in FIG. 9A. FIGS. 9A and 9B show the 
state under application of a voltage across the liquid 
crystal layer. 

[0092] In the liquid crystal display device 100 of Em- 

bodiment 1, each picture -element region was divided into 
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four in terms of the orientation so that the liquid crys- 
tal molecules are oriented in four directions. In the 
liquid crystal display device 200 of Embodiment 2, each 
picture -element region is divided into an infinite number 
in terms of the orientation so that the liquid crystal 
molecules are oriented in all directions, 

[0093] A TFT substrate 200a of the liquid crystal dis- 

play device 200 includes picture -element electrodes 14 
having openings 14a as an orientation-regulating structure. 
The openings 14a are slits formed in a square grid pattern . 

[0094] A counter substrate 200b opposed to the TFT sub- 

strate 200a has protrusions 26 on the surface thereof fac- 
ing the liquid crystal layer 30 as an orientation- 
regulating structure. Each protrusion 26 has a shape of a 
square truncated pyramid having slant sides 26s and a top 
face 26t, and is roughly in the center of each square sur- 
rounded by the grid- shaped openings 14a. 

[0095] In this embodiment, the openings 14a of the pic- 

ture-element electrode 14, having a line width of 10 pm, 
surround a square having a size of 40 pm * 40 pm. The 
protrusion 26 has a bottom size of 20 pm x 20 pm. 
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[0096] In the liquid crystal display device 200 having 

the orientation-regulating structures described above, 
when a voltage is applied between the picture -element 
electrode 14 and the counter electrode 24, liquid crystal 
molecules 30a in a liquid crystal layer 30 are oriented 
axially symmetrically with respect to the protrusion 26 as 
the center as shown in FIGS. 9A and 9B. Although the 
change in the orientation direction of the liquid crystal 
molecules 30a is shown simply in FIG. 9A, the orientation 
direction of the liquid crystal molecules 30a actually 
changes sequentially with change of the azimuthal direc- 
tion. A liquid crystal molecule 30a existing at a posi- 
tion in a certain azimuthal direction with respect to the 
protrusion 26 is oriented in a direction substantially 
parallel to this azimuthal direction. 

[0097] As described above, the liquid crystal layer 30, 

which is in the state of axially- symmetric orientation 
with respect to the protrusions 26 as the center, has a 
plurality of (a myriad of) liquid crystal regions 31 dif- 
ferent in orientation direction, and thus the liquid crys- 
tal molecules 30a in each picture -element region are 
oriented in all directions. In other words, each picture- 
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element region of the liquid crystal display device 200 is 
divided into an infinite number in terms of the orienta- 
tion so that the liquid crystal molecules are oriented in 
all directions . In this embodiment, one liquid crystal 
domain, which is axially symmetrically oriented with re- 
spect to the protrusion 26 as the center, is formed in 
correspondence with one square surrounded with the grid- 
shaped openings 14a when a voltage is applied. The "liq- 
uid crystal domain" as used herein refers to a region in 
which the continuity of orientation of the liquid crystal 
molecules 30a is maintained. 

[0098] The TFT substrate 200a of the liquid crystal 

display device 200 has light -shield layers 40. As shown 
in FIG. 9B, each light -shield layer 40 is formed to over- 
lap (lie below) part of boundary region 33 defined as re- 
gion separating the plurality of liquid crystal regions 31 
from one another. More specifically, the light -shield 
layer 40 is formed near the center of the liquid crystal 
domain, to oppose to the protrusion 26 of the counter sub- 
strate 200b. In this embodiment, the light -shield layer 
40 is formed to be the same in shape as viewed in the di- 
rection normal to the substrate as the protrusion 26 and 
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overlap the protrusion 26, that is, formed in a shape of a 
square having a side of 20 yim. 

[0099] As shown in FIG. 9B, the region of the boundary 

region 33 that overlaps (lies above) the light -shield 
layer 40 is a region permitting the liquid crystal mole- 
cules 30a surrounding the region to tilt so that the ends 
of the liquid crystal molecules 30a closer to the TFT sub- 
strate 100a, that is, the substrate having the light - 
shield layer 40 go away from this region when a voltage is 
applied between the picture-element electrode 14 and the 
counter electrode 24. 

[0100] The light-shield layer 40 formed as described 
above selectively shades the liquid crystal region 31 in 
which the liquid crystal molecules 30a fall toward the op- 
posite to the observer, that is, the liquid crystal region 
31 of which the retardation value for light incident 
obliquely monotonously increases with rise of the voltage, 
among the liquid crystal regions 31 adjacent to each other 
via the boundary region 33 . 

[0101] In FIG. 9B, W6 denotes the width of a region 
shaded by the light -shield layer 40 during observation in 
the normal direction D6, and W7 denotes the width of a re- 
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gion shaded by the light -shield layer 40 during observa- 
tion in an oblique direction D7. As shown in FIG, 9B, 
during observation in the normal direction, the light - 
shield layer 40 shades the region of the liquid crystal 
layer 30 located right above the light-shield layer 40. 
However, during observation in an oblique direction, the 
light-shield layer 40 selectively shades the liquid crys- 
tal region 31 in which the liquid crystal molecules 30a 
fall toward the opposite to the observer due to occurrence 
of parallax. FIG. 9B also shows the width W8 of a region 
shaded by the light -shield layer 40 during observation in 
an oblique direction D8 opposite to the oblique direction 
D7. As is found from FIG. 9B, during observation in the 
oblique direction D8, also, the light -shield layer 40 se- 
lectively shades the liquid crystal region 31 in which the 
liquid crystal molecules 30a fall toward the opposite to 
the observer. 

[0102] As described above, the light-shield layer 40 se- 
lectively shades the liquid crystal region 31 in which the 
liquid crystal molecules 30a tilt toward the opposite to 
the observer in whichever oblique direction the observer 
observes the display device. Therefore, part of the liq- 
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uid crystal region 31 in which the liquid crystal mole- 
cules 30a fall toward the opposite to the observer fails 
to contribute to the display during observation in an 
oblique direction. This suppresses the increase of the 
transmit tance in the oblique direction during application 
of a gray-scale voltage, and thus brings the voltage- 
transmittance characteristic obtained during observation 
in the oblique direction close to the voltage- 
transmit tance characteristic obtained during observation 
in the normal direction. As a result, the oblique- 
direction display characteristics and the normal-direction 
display characteristics can be made close to each other, 
and hence display free from unnaturalness can be realized. 

[0103] In this embodiment, the light-shield layer 40 was 
placed to overlap (lie below) the region among the bound- 
ary regions 33 that corresponds to the center of the liq- 
uid crystal domain. Alternatively, the light-shield layer 
40 may be placed to oppose to the region corresponding to 
a boundary between the adjacent liquid crystal domains. 
FIGS. 10A and 10B show a liquid crystal display device 
200A having light -shield layers 40 f overlapping (lying 
above) the boundaries between the adjacent liquid crystal 
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domains . 

[0104] A counter substrate 200b of the liquid crystal 
display device 200A has the light-shield layers 40 1 formed 
to overlap (lie above) regions among the boundary regions 
33 that correspond to the boundaries between the adjacent 
liquid crystal domains. That is, each light-shield layer 
40' is formed to overlap (lie above) the opening 14a of 
the picture -element electrode 14. In other words, the re- 
gion among the boundary regions 33 that overlaps (lies be- 
low) the light-shield layer 40 1 is a region permitting the 
liquid crystal molecules 30a surrounding the region to 
tilt so that the ends of the liquid crystal molecules 30a 
closer to the counter substrate 200b, that is, the sub- 
strate having the light-shield layer 40* go away from this 
region when a voltage is applied between the picture- 
element electrode 14 and the counter electrode 24. 

[0105] The light -shield layer 40 1 of the counter sub- 
strate 200b selectively shades the liquid crystal region 
31 in which the liquid crystal molecules 30a fall toward 
the opposite to the observer, that is, the liquid crystal 
region 31 of which the retardation value for light inci- 
dent obliquely monotonously increases with rise of the 
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voltage, among the liquid crystal regions 31 adjacent to 
each other via the boundary region 33, as in the case of 
the light-shield layer 40' of the counter substrate 100b 
of the liquid crystal display device 100A shown in FIGS. 
7A and 7B. In this way, in the liquid crystal display de- 
vice 200A, also, display free from unnaturalness can be 
realized. 

[0106] The light -shield layers may be provided to corre- 
spond to both the center of the liquid crystal domain and 
the boundaries between the liquid crystal domains. FIGS. 
11A and 11B shows a liquid crystal display device 200B 
having the light-shield layers 40 and 40' provided for 
both the center of the liquid crystal domain and the 
boundaries between the liquid crystal domains. 

[0107] In the liquid crystal display device 200B, the TFT 
substrate 200a has the light -shield layer 40 formed at the 
same position as that of the light- shield layer 40 of the 
TFT substrate 200a of the liquid crystal display device 
200, and the counter substrate 200b has the light -shield 
layer 40' formed at the same position as that of the 
light-shield layer 40' of the counter substrate 200b of 
the liquid crystal display device 200A. 
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[0108] In the liquid crystal display device 200B, also, 
in which the light-shield layers 40 and 40' selectively 
shade the liquid crystal region 31 in which the liquid 
crystal molecules 30a fall toward the opposite to the ob- 
server, display free from unnaturalness is realized. 

(Embodiment 3) 

[0109] The structure of a liquid crystal display device 
300 of Embodiment 3 according to the present invention 
will be described with reference to FIGS. 12A and 12B. 
FIG. 12A is a top view of the liquid crystal display de- 
vice 300 as viewed in the direction normal to the sub- 
strate, and FIG. 12B is a cross -sectional view taken along 
line 12B-12B' in FIG. 12A. FIGS. 12A and 12B show the 
state under application of a voltage across the liquid 
crystal layer. 

[0110] The liquid crystal display device 300 of Embodi- 
ment 3 is the same in construction as the liquid crystal 
display device 100 of Embodiment 1 except for the position 
of the light -shield layers. 

[0111] A counter substrate 300b of the liquid crystal 
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display device 300 has a light -shield layer 41 in each of 
a plurality of picture-element regions • The light -shield 
layer 41 is formed to overlap (lie above) a specific re- 
gion of the liquid crystal layer 30 as will be described 
later. 

[0112] In the liquid crystal display device 300 in which 
each picture - element region is divided into four in terms 
of the orientation, the liquid crystal molecules 30a in 
each liquid crystal region 31 tilt at an angle of about 
45° with respect to the polarization axes PA1 and PA2 of 
the polarizing plates as shown in FIG. 12A. However, as 
shown in FIG. 13, in a region (oval-encircled region) 35, 
among the regions separating the adjacent liquid crystal 
regions 31 from each other, which is located between a 
bend 14a' of the opening 14a and a bend 26 1 of the protru- 
sion 26, the liquid crystal molecules 30a tilt in a direc- 
tion substantially parallel to the polarization axis PA1 
of the polarizing plate in an attempt of maintaining the 
continuity of the orientation. 

[0113] In the liquid crystal display device 300, the 
light -shield layer 41 is formed to overlap (lie above) the 
region 35 in which the liquid crystal molecules 30a tilt 
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in a direction substantially parallel to the polarization 
axis PA1 of the polarizing plate. In this embodiment, the 
light-shield layer 41 is formed right on the counter elec- 
trode 24. The counter electrode 24 of the counter sub- 
strate 300b has a thickness of 100 nm (1000A), for example, 
and the light-shield layer 41 is placed substantially 
right on the liquid crystal layer 30 via the counter elec- 
trode 24. 

[0114] In Embodiments 1 and 2, described was the liquid 
crystal display device capable of suppressing unnatural- 
ness that would otherwise be felt by the observer due to 
the liquid crystal molecules tilting toward the opposite 
to the observer. The liquid crystal display device 300 of 
Embodiment 3 can suppress unnaturalness that may otherwise 
be felt by the observer due to the liquid crystal mole- 
cules tilting in a direction substantially parallel to a 
polarization axis . This will be described in detail as 
follows. 

[0115] The conventional liquid crystal display device 
1000 having no light-shield layer shown in FIGS. 2A and 2B 
makes the observer feel unnatural due to the liquid crys- 
tal molecules 30a tilting in a direction substantially 
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parallel to a polarization axis for the following reason. 

[0116] When the liquid crystal display device 1000 is ob- 
served in an oblique direction along the polarization axis 
PA2, liquid crystal molecules 30a tilting along the po- 
larization axis PA2 (assuming that such liquid crystal 
molecules 30a exist although actually they hardly exist in 
the liquid crystal display device 1000) hardly cause a 
phase difference for light incident obliquely to the liq- 
uid crystal layer 30, and thus do not affect the display 
characteristics. However, liquid crystal molecules 30a 
tilting along the polarization axis PA1 (corresponding to 
the liquid crystal molecules 30a in the regions 35 shown 
in FIG. 13), which tilt to block the observation direction, 
cause a phase difference for light incident obliquely to 
the liquid crystal layer 30. Moreover, such regions in 
which liquid crystal molecules 30a tilt in this direction 
exhibit a voltage- transmittance characteristic having the 
peak transmittance at a gray-scale voltage. 

[0117] FIG. 14 shows a voltage- transmittance curve L6 of 
the region in which the liquid crystal molecules 30a tilt 
along the polarization axis PA1 obtained when the liquid 
crystal display device 1000 is observed in an oblique di- 
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rection along the polarization axis PA2. For comparison, 
FIG. 14 also shows the voltage- transmittance curves L3 and 
L4 (shown in FIG. 4) of the region in which the liquid 
crystal molecules 30a tilt toward the observer at an angle 
of 45° with respect to the polarization axes PA1 and PA2 
and the region in which the liquid crystal molecules 30a 
tilt in the direction opposite to the observer at an angle 
of 45° with respect to the polarization axes PA1 and PA2, 
respectively. 

[0118] As is found from FIG. 14, in the region in which 
the liquid crystal molecules 30a tilt along the polariza- 
tion axis PA1, the transmittance reaches the peak at a 
gray- scale voltage, causing inversion of the gradation of 
brightness. Therefore, if the proportion of existence of 
such liquid crystal molecules 30a in the picture-element 
region is high, breaking or inversion of the gradation be- 
comes evident in the voltage- transmittance characteristic 
obtained during observation in an oblique direction. This 
increases the difference between the normal -direct ion dis- 
play characteristics and the oblique -direct ion display 
characteristics, and the resultant display makes the ob- 
server feel unnatural. 
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[0119] In the liquid crystal display device 300 of this 
embodiment, the light -shield layer 41 is placed to overlap 
(lie above) the region 35 in which the liquid crystal 
molecules 30a tilt in a direction substantially parallel 
to the polarization axis PA1, to prevent this region 35 
from contributing to the display. This suppresses exces- 
sive increase of the transmit tance at a gray- scale voltage, 
and thus can bring the oblique-direction voltage- 
transmittance characteristic close to the normal-direction 
voltage- transmittance characteristic. As a result, since 
the oblique -direct ion display characteristics and the nor- 
mal-direction display characteristics can be brought close 
to each other, display free from unnaturalness can be re- 
alized. 

[0120] FIG. 15 shows a voltage- transmittance curve L7 ob- 
tained when the liquid crystal display device 300 of this 
embodiment is observed in the normal direction and a volt- 
age- transmittance curve L8 obtained when it is observed in 
an oblique direction (direction at a visual angle falling 
along the polarization axis PA2K For comparison, FIG. 15 
also shows a voltage -transmittance curve L9 obtained when 
the conventional liquid crystal display device 1000 is ob- 
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served in the oblique direction. Note that the voltage- 
transmittance curves shown in FIG. 15 are those obtained 
when the regions 35 in which the liquid crystal molecules 
30a tilt roughly in parallel with the polarization axis 
PA1 occupy about 25% of each picture -element region. 

[0121] As shown in FIG. 15 , the voltage -transmittance 
curve L8 obtained when the liquid crystal display device 
300 is observed in an oblique direction is closer in shape 
to the voltage- transmittance curve L7 obtained when it is 
observed in the normal direction than the voltage - 
transmittance curve L9 of the display device having no 
light -shield layer is. Therefore, natural display in 
which the normal -direct ion display characteristics and the 
oblique -direct ion display characteristics are close to 
each other is obtained. 

[0122] The region in which the liquid crystal molecules 
30a tilt in a direction substantially parallel to the po- 
larization axis does not contribute to the transmittance 
obtained during observation in the normal direction. 
Therefore, there is little loss in transmittance in the 
normal direction by providing the light-shield layer shad- 
ing only such a region. To effectively shade only such a 
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region, the light -shield layer should preferably be formed 
at a position that can prevent occurrence of parallax. In 
view of this, the light-shield layer is preferably formed 
substantially right on the liquid crystal layer so that 
the spacing of the light -shield layer from the liquid 
crystal layer is as small as possible. The effect of im- 
proving the display characteristics may be obtained when 
the light -shield layers are placed to cover only part of 
the regions in which the liquid crystal molecules 30a tilt 
in a direction substantially parallel to the polarization 
axis. However, from the standpoint of further improving 
the display quality, the light -shield layers are prefera- 
bly placed to cover a largest possible portion of such re- 
gions, more preferably placed to cover substantially all 
of such regions. 

[0123] The effect of improving the display quality, ob- 
tained by placing the light -shield layers to overlap (lie 
above or below) the regions in which the liquid crystal 
molecules tilt in a direction substantially parallel to 
the polarization axis, is significant in a liquid crystal 
display device having such regions in a comparatively high 
proportion. 
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[0124] For example, in the liquid crystal display device 
1000 shown in FIGS* 2A and 2B, if the pitch of bends of 
each opening 14a and protrusion 26 (corresponding to P' in 
FIG. 13) is small, the proportion of the regions in which 
the liquid crystal molecules tilt in a direction substan- 
tially parallel to the polarization axis PA of the polar- 
izing plate in each picture- element region is high. This 
will increase the difference between the normal -direction 
display characteristics and the oblique- direction display 
characteristics, and as a result, make unnaturalness of 
the display evident . 

[0125] In view of the above, in a liquid crystal display 
device having such regions in a comparatively high propor- 
tion, a light -shield layer shading the regions in which 
the liquid crystal molecules 30a tilt in a direction sub- 
stantially parallel to the polarization axis, like the 
light-shield layer 41 in the liquid crystal display device 
300 of this embodiment, may be placed in addition to a 
light -shield layer selectively shading the liquid crystal 
regions in which the liquid crystal molecules tilt toward 
the opposite to the observer (the light -shield layers 40 
and 40' in the liquid crystal display devices 100 and 200 
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of Embodiments 1 and 2). By this placement, the display 
quality can be further improved. 

[0126] Light- shield layers shading the regions in which 
the liquid crystal molecules 30a tilt in a direction sub- 
stantially parallel to the polarization axis (light- shield 
layers roughly the same as the light -shield layers 41 in 
the liquid crystal display device 300 of Embodiment 3) 
were additionally placed in the liquid crystal display de- 
vice 100 of Embodiment 1, and the effect of improving the 
display quality by this additional placement was examined. 

[0127] FIG. 16 shows a voltage- transmittance curve L10 
obtained when the liquid crystal display device 100 is ob- 
served in the normal direction, a voltage- transmittance 
curve Lll obtained when it is observed in an oblique di- 
rection (direction at a visual angle falling along the po- 
larization axis PA2), and a voltage-transmittance curve 
L12 obtained when a liquid crystal display device having 
the additional light-shield layers described above is ob- 
served in an oblique direction. The voltage-transmittance 
curves shown in FIG. 16 are those obtained when the pro- 
portion of the regions in which the liquid crystal mole- 
cules 30a tilt in a direction substantially parallel to 
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the polarization axis PA1 is about 25% . 

[0128] As shown in FIG. 16, the voltage- transmittance 
curve L12 obtained by placing the additional light -shield 
layers is closer in shape to the normal-direction voltage- 
transmittance curve L10 than the voltage-transmittance 
curve Lll obtained without the additional light -shield 
layer is. Therefore, by placing the additional light- 
shield layers, the oblique-direction display characteris- 
tics become closer to the normal-direction display charac- 
teristics, and thus the display quality can further be 
improved . 

( Embodiment 4 ) 

[0129] FIG. 17 shows a liquid crystal display device 400 
of Embodiment 4 according to the present invention. The 
liquid crystal display device 400 shown in FIG. 17 has the 
same construction as the liquid crystal display device 200 
of Embodiment 2 except for the position of the light - 
shield layers . 

[0130] The counter substrate (not shown) of the liquid 
crystal display device 400 has a light-shield layer 41 in 
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each of the plurality of picture -element regions. The 
light -shield layer 41 is formed to overlap (lie above) re- 
gions in which the liquid crystal molecules 30a tilt in 
directions substantially parallel to the polarization axes 
PA1 and PA2 of the polarizing plates. In the example 
shown in FIG* 17, the polarization axes PA1 and PA2 of the 
polarizing plates are arranged in parallel with the two 
directions in which the openings 14a of the picture- 
element electrodes 14 extend, and the light -shield layer 
41 has a shape of a cross composed of two sides extending 
parallel to the polarization axes PA1 and PA2. 

[0131] In the liquid crystal display device 400, the 
light -shield layer 41 is placed to overlap (lie above) re- 
gions in which the liquid crystal molecules 30a tilt in 
directions substantially parallel to the polarization axes 
PA1 and PA2 of the polarizing plates. Therefore, as in 
the liquid crystal display device 300 of Embodiment 3, 
natural display free from unnaturalness can be realized. 

[0132] In the liquid crystal display device 300 of Em- 
bodiment 3, the light -shield layer 41 was placed to over- 
lap (lie above) only the regions in which the liquid 
crystal molecules 30a tilt in a direction substantially 
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parallel to the polarization axis PA1 considering the fact 
that there hardly exist liquid crystal molecules 30a tilt- 
ing in a direction substantially parallel to the polariza- 
tion axis PA2. In the liquid crystal display device 400 
of this embodiment, there exist liquid crystal molecules 
30 a tilting along the polarization axis PA2 as well as 
those tilting along the polarization axis PA1. Therefore, 
the light -shield layer 41 is placed to cover the regions 
including such liquid crystal molecules 30a. 

[0133] The light- shield layer 41 may be placed to overlap 
(lie above) only either the regions in which the liquid 
crystal molecules 30a tilt along the polarization axis PA1 
or the regions in which the liquid crystal molecules 30a 
tilt along the polarization axis PA2 . However, more natu- 
ral display can be realized by placing the light -shield 
layer 41 to cover both regions. 

[0134] If the polarization axes of the polarizing plates 
are arranged differently for liquid crystal cells having 
roughly the same construction, the regions in which liquid 
crystal molecules tilt in directions substantially paral- 
lel to the polarization axes are different between these 
liquid crystal cells. Therefore, for different arrange- 
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ments of the polarization axes, it should be ensured that 
the light-shield layer is placed so as to cover regions 
including such liquid crystal molecules. FIG. 18 shows a 
liquid crystal display device 400A in which the arrange- 
ment of the polarization axes PA1 and PAZ of the polariz- 
ing plates is different from that in the liquid crystal 
display device 400, 

[0135] in the liquid crystal display device 400A shown in 
FIG. 18. the polarization axes PA1 and PA2 are arranged to 
fcrm an angle of 43- with the two directions of extension 
of the openings 14a of the picture -element electrodes 14. 
Therefore, the light-shield layer 41 of the liquid crystal 
display device 400A has a shape obtained by rotating the 
light-shield layer 41 of the liquid crystal display device 
400 by 45- in the plane parallel to the substrate plane. 
[013M in the liquid crystal display device 400A. also, 
the light-shield layer 41 is placed to cover regions in 
which the liquid crystal molecules 30a tilt in directions 
substantially parallel to the polarization axes PA1 and 
PA2 of the polarizing plates. Therefore, as in the liquid 
crystal display device 400. natural display free from un- 
naturalness can be realized. 
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[0137] Thus, according to the present invention, a liquid 
crystal display device with high display quality that has 
a wide viewing angle characteristic and can provide dis- 
play free from unnaturalness is provided. 

[0138] While the present invention has been described in 
preferred embodiments, it will be apparent to those 
skilled in the art that the disclosed invention may be 
modified in numerous ways and may assume many embodiments 
other than that specifically set out and described above. 
Accordingly, it is intended by the appended claims to 
cover all modifications of the invention that fall within 
the true spirit and scope of the invention. 
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